
Abstract
Objective Because of conflicting findings about the

relationship between ultraviolet (UV) radiation and

the risk of non-Hodgkin lymphoma (NHL), we evalu-

ated the risk of several indicators related to UV,

including two not previously studied: dietary vitamin

D, and ambient UV levels by residential location.

Methods As part of a case–control study conducted in

four Surveillance, Epidemiology, and End Results

(SEER) registries, we collected UV information from a

self-administered questionnaire and computer-assisted

personal interview with 551 NHL cases and 462 controls.

We estimated the relative risk (RR) and 95% confidence

intervals (CI) from unconditional logistic regression models.

Results Eye color, a marker of host susceptibility to

UV, showed a decreasing risk gradient for lightest eyes

(0.47) compared to darkest. Relative risks were in the

range of 0.73–0.78 for participants reporting more hours

in the mid-day summer sun. Use of sunlamps or tanning

booths was associated with decreased risk (RR = 0.88),

as was estimated overall ambient UV (RR = 0.76 per 50

RB-units) overall. Vitamin D intake from diet and

supplements was not related to risk. Results were thus

consistent for the various indicators, although some

estimated risks were not statistically significant. Effects

were generally similar for diffuse large B-cell (DLBCL)

and follicular lymphomas.

Conclusion These data suggest a slight protective ef-

fect of sunlight against NHL, and they agree with geo-

graphic patterns of NHL incidence observed in the US.
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Introduction

In the early 1990s, Zheng [1] and Cartwright [2] sug-

gested that increased sunlight exposures might have

contributed to the long-term steady rise in NHL. Sev-

eral descriptive studies subsequently reported that UV

flux, or latitude as a surrogate, was positively related to

NHL in Europe [3], England and Wales [4], but not in

the US [5–8]. The risk of skin cancer is known to be

elevated following NHL and vice versa [9], and sun-

light has been suggested as a potential link. Apart from

farmers, workers whose jobs involve sun exposure

generally have not been reported to have an increased

risk of developing NHL [10–12].
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Two recent case–control studies from Australia [13,

14] and from Sweden and Denmark [15] provide the

first direct evidence on the relation between UV radi-

ation and NHL risk. In both studies, NHL patients

reported slightly but consistently less sunlight exposure

than did controls selected from the general population.

In the Australian study, light coloring and other indi-

cators of sun sensitivity were weakly positively associ-

ated with NHL risk [14], whereas in Scandinavia, they

were weakly inversely associated with risk [15]. Some

commentators suggested that vitamin D may mediate a

protective influence of sunlight on lymphoma risk [16].

In the present case–control study of NHL conducted

in different latitudes in the US, we estimated the ef-

fects of several measures of UV exposure, host sus-

ceptibility, and dietary vitamin D on the risk of NHL.

Methods

Study methods have been described elsewhere [17, 18].

In brief, four Surveillance, Epidemiology, and End

Results (SEER) registries (Iowa, Los Angeles County,

metropolitan Detroit, and metropolitan Seattle) iden-

tified residents aged 20 to 74 years with a first primary

diagnosis of NHL (ICD-O-3 codes 967–972; ICD-02

codes 9590–9595, 9670–9717, 9823, 9827) between July

1998 and June 2000. The histopathology diagnoses

used in this analysis were made by the diagnosing

pathologist. Controls under age 65 years were identi-

fied from households contacted via random digit dial-

ing. Controls aged 65–74 years were identified from the

Centers for Medicare and Medicaid Services (CMS)

population rosters. HIV-infected individuals (by med-

ical record, physician-report, or self-report) were inel-

igible. Control selection was stratified by study area,

age, sex, and race.

The study was approved by the human subjects re-

view boards at all participating institutions. Written

informed consent was obtained before interview.

In total 2,248 eligible cases, and 2,409 eligible con-

trols were identified, and 1,321 cases and 1,057 controls

were interviewed [19]. Response rates were highest

among women and in Iowa for both cases and controls,

and more follicular lymphoma cases than cases with

other subtypes responded. We used a split-sample

design to investigate multiple etiologic risk factors in

detail without overburdening the participants. All

participants were placed in either group A (all African-

American and 50% of non-African-American partici-

pants) for medical history or group B (50% of

non-African-American participants) for detailed

diet/lifestyle history in addition to answering a core set

of questions. Each participant in group B received a

mailed questionnaire on demographic characteristics

and detailed diet history. During a subsequent home

visit, trained interviewers administered computer as-

sisted personal interviews on abbreviated medical and

family history, sunlight exposures, cell phone use,

allergies, and hobbies. Of the eligible 905 cases and 978

controls in group B, respectively, 125 and 12 died be-

fore we could conduct the interview, four and nine

moved out of the area, 45 and 116 were not locatable

otherwise, and, for 30 cases, their physicians refused

participation. Of the remaining 701 cases and 841

controls whom we approached, 551 cases (79%) and

462 controls (55%) were interviewed. Subjects were

not interviewed because they declined (99 cases, 311

controls), one partly answered (one case), or never

responded because of illness or cognitive impairment

(16 cases, 17 controls), or other reasons (24 cases, 18

controls). The median time between diagnosis and

interview was 5 months.

During the interview, we asked participants to esti-

mate how many hours they spent in the sun during the

summer in the middle of the day (10:00 AM–4:00 PM

daylight savings time). We asked separately for week-

days and weekend days and separately for particular

periods of their life, including their teenage years,

twenties, thirties and the most recent decade. In the

analysis, we estimated typical weekly exposure to

strong sunlight as a weighted average of weekend and

weekday values. We also asked about the use of sun-

lamps or tanning booths, the typical number of months

per year they had a tan, and some common measures of

skin response to sunlight, including sun rashes and

typical reaction to first hour of sun with no tan and no

sunburn.

We derived several indicators of ambient levels of

exposure to UV by combining the lifetime residential

history of study participants with measured levels of

UV radiation in the biologically active portion of the

spectrum. In particular, each respondent wrote all of

his or her addresses (street, city, state or country) on a

year-by-year grid sent in advance of the interview.

From this grid, we constructed a residence history in

one-year intervals beginning with the year of birth and

ending with the date of diagnosis or selection, each

rounded to July 1. We merged the location data with

measurements of solar radiation between 280 and

330 nm (middle ultraviolet radiation or UVB) that

were obtained from Robertson-Berger (RB) meters

located in many states (and in both northern and

southern California) [20] and major cities in foreign
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countries. RB estimates were made for each state as a

function of altitude, latitude, and cloud cover. One RB

unit corresponds to approximately 0.068 mJ/cm2. The

flux density measured by a RB meter is a weighted

average of wavelength-specific energy in the range of

280–330 nm, with weight proportional to the biologic

activity of the wavelength. By summing the levels in

yearly intervals as the participant moved from resi-

dence to residence, we derived the average annual UV

level during the teens, twenties, thirties, most recent

decade, and over the lifespan. We also asked several

questions on physical activity and found non-occupa-

tional activity inversely associated with risk [21].

To assess dietary intake, we asked participants to

complete a self-administered questionnaire that used a

modified version of the Block 1995 revision of the

Health Habits and History Questionnaire (HHHQ)

[22, 23]. The food list and the nutrient values were

developed using dietary data for adults from the Sec-

ond National Health and Nutrition Examination Sur-

vey (NHANES II). The instrument included queries on

107 food and beverage items for responses on nine

frequencies and three portion sizes, with reference

medium portion sizes provided. The 14 dietary sup-

plement questions covered dose, frequency, and dura-

tion of single and multivitamin supplements. The

instrument was validated against multiple diet records

with correlations for most nutrients in the 0.5–0.6 range

[22, 24], and performed comparably to two other

commonly used food frequency questionnaires in ref-

erence to more reliable 24-h recall [25]. For the current

study, the questionnaire instructed participants to an-

swer the questions based on ‘‘usual eating habits, as an

adult, before one year ago and not including any recent

dietary changes.’’ We combined vitamin D intake from

food sources and multivitamin supplements as total

dietary vitamin D.

We used unconditional logistic regression to esti-

mate the RR and 95% CI, including in the models

terms for age, sex, center, and ethnicity. Education,

alcohol consumption, and weekly exercise were slightly

associated with sunlight, residential UV radiation, or

dietary vitamin D (data not shown). Adjustment for

education, alcohol consumption, and weekly exercise

did not appreciably alter the estimates for risk of NHL,

and they are not included in the results reported here.

We excluded from the dietary analysis interview par-

ticipants who did not return the dietary questionnaire

or who reported highly improbable values. We

adjusted for total energy intake in the dietary vitamin

D analysis by including total calories in the regression

model. We also estimated effects by the nutrient den-

sity method and the results were unchanged [26].

Results

Cases and controls were generally similar in their

demographic distributions, although cases were some-

what younger (Table 1). A large majority were white

and not Hispanic, and a slight majority were men.

Alcohol consumption, education, and exercise were

slightly different in cases and controls. Diffuse large

Table 1 Distribution of NHL cases and population controls

Cases (%) Controls (%)

Sex
Male 294 (53) 239 (52)
Female 257 (47) 223 (48)

Area
Detroit 80 (15) 75 (14)
Iowa 188 (34) 149 (32)
Los Angeles 132 (24) 101 (22)
Seattle 151 (27) 137 (30)

Ethnicity
White, non-Hispanic 497 (90) 421 (91)
Hispanic, Latino 29 (5) 24 (5)
Asian-American 20 (4) 12 (3)
Other, unknown 5 (1) 5 (1)

Age (years)
20–44 111 (20) 55 (12)
45–54 118 (21) 69 (15)
55–64 143 (26) 118 (26)
65–69 84 (15) 118 (26)
70–74 95 (17) 102 (22)

Education (years)
< 12 years 42 (8) 50 (11)
12–15 years 337 (61) 252 (55)
‡ 16 years 172 (31) 160 (35)

Alcohol (servings per week)
None 236 (43) 156 (34)
2.2–8.8 g 49 (9) 39 (8)
9.3–52.2 g 81 (15) 99 (21)
52.3–1007.7 g 98 (18) 95 (17)
Missing data 87 (17) 73 (16)

Non-occupational physical activity (metabolic
equivalents per week)
None 89 (16) 59 (13)
< 676 206 (37) 178 (39)
676+ 161 (29) 167 (36)
Missing data 95 (17) 58 (11)

Ever lived or worked on farm
Yes 202 (37) 178 (39)
No 348 (63) 284 (61)
Missing data 1 (0) –

Lymphoma histology
Diffuse large B-cell 189 (34) –
Follicular 145 (26) –
Small lymphocytic 51 (9) –
T-cell 28 (5) –
Other and NOS 138 (25) –

Total 551 (100) 462 (100)
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B-cell lymphoma and follicular lymphoma were the

most common histologic types.

Host susceptibility to sunlight was inversely associ-

ated with risk of NHL (Table 2). Notably, eye color

showed more than a two-fold gradient in risk, with

lowest risk for the paler colors and highest risk for

darker colors, along with a statistically significant trend

(p = 0.0004). Complexion also showed a similar gra-

dient of higher risk for darker coloring, but the asso-

ciation was weaker and the trend not statistically

significant. The pattern of reaction to the first strong

sunlight without sunscreen was not related to risk.

Neither was the history of sun rash.

Several indicators of UV exposure were associated

with reduced risk of NHL (Table 3). We combined the

hours reported for weekends and weekdays and

examined risk in several time periods. The estimated

risk was generally lower by 20–30% for those who

reportedly spent the most hours in sunlight, whether

during their teens, twenties, thirties, or during the most

recent decade. The age-specific exposures were some-

what correlated, and when all four were in one model,

the strongest effect was seen for exposure during the

past 10 years. NHL risk was inversely associated with

use of a tanning booth or a sunlamp before age 20, but

the estimated protection was not statistically signifi-

cant. Tanning history was not consistently related to

Table 2 Estimated RR and 95% CI according to host
susceptibility to sunlight

Cases Controls RR* 95% CI

Eye Color
Dark brown 158 93 1.00 Ref.
Light brown 50 41 0.76 0.46–1.25
Hazel 96 84 0.64 0.43–0.96
Blue 188 180 0.59 0.42–0.84
Green/Blue-green 59 64 0.47 0.30–0.74
(Trend test) (P = 0.0004)

Complexion
Dark 30 20 1.00 Ref.
Medium 306 252 0.84 0.46–1.53
Light 215 189 0.75 0.41–1.40
(Trend test) (P = 0.30)

Reaction to first sun of season
No change 22 19 1.00 Ref.
Blistering sunburn 51 34 1.36 0.63–2.94
Sunburn, no blisters 143 131 0.93 0.47–1.83
Sunburn, turning into tan 245 200 1.07 0.55–2.06
Tan, no sunburn 88 75 1.06 0.53–2.14
(Trend test) (P = 0.82)

History of sun rash (allergic reaction to the sun)
No 477 400 1.00 Ref.
Yes 67 61 0.86 0.58–1.27

*Adjusted for age, gender, ethnicity, and center. Numbers do not
add to 551 and 462 because of missing data

Table 3 Estimated RR and 95% CI according to various
indicators of UV exposure

Cases Controls RR* 95% CI

Hours in the mid-day sun in the last 10 years
< 7 216 159 1.00 Ref.
< 14 145 126 0.85 0.62–1.18
< 28 131 123 0.75 0.54–1.05
28+ 59 51 0.73 0.46–1.15
(Trend test) (p = 0.07)

Hours in the mid-day sun during teens
< 7 62 46 1.00 Ref.
< 14 89 68 0.97 0.59–1.61
< 28 185 155 0.81 0.52–1.27
28+ 211 187 0.75 0.48–1.18
(Trend test) (p = 0.12)

Hours in the mid-day sun during twenties
< 7 143 107 1.00 Ref.
< 14 143 124 0.86 0.60–1.22
< 28 156 132 0.83 0.58–1.18
28+ 105 94 0.75 0.50–1.11
(Trend test) (p = 0.15)

Hours in the mid-day sun during thirties
< 7 183 137 1.00 Ref.
< 14 135 135 0.75 0.54–1.04
< 28 145 112 0.95 0.68–1.33
28+ 68 66 0.78 0.50–1.19
(Trend test) (p = 0.44)

Use of sunlamp or tanning booth
Never 401 338 1.00 Ref.
Ever 150 124 0.88 0.66–1.19
Only after age 20 105 80 0.97 0.69–1.37
Before age 20 45 44 0.72 0.45–1.14
(Trend test) (p = 0.70)
< 5 times 32 33 0.78 0.46–1.32
5–9 times 32 25 0.90 0.52–1.58
10+ times 84 66 0.90 0.61–1.30
(Trend test) (p = 0.49)

History of blistering sunburns
Never 224 177 1.00 Ref.
Ever 326 283 0.86 0.66–1.12
Only after age 20 108 92 0.92 0.65–1.31
Before age 20 215 189 0.83 0.62–1.10
(Trend test) (p = 0.50)
1 time 117 103 0.87 0.62–1.23
2–4 times 114 84 1.02 0.72–1.46
5+ times 92 96 0.68 0.47–0.97
(Trend test) (p = 0.10)

Months per year with a tan as a teenager
None 76 62 1.00 Ref.
1–3 236 197 0.94 0.63–1.39
4–6 172 149 0.91 0.60–1.39
7–12 65 50 0.99 0.59–1.67
(Trend test) (p = 0.90)

Months per year with a tan in past 10 years
None 137 110 1.00 Ref.
1–3 249 198 0.96 0.69–1.32
4–6 107 103 0.76 0.52–1.13
7–12 57 48 0.90 0.55–1.45
(Trend test) (p = 0.31)

*Adjusted for age, gender, ethnicity, and center
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risk. The estimates changed very little with adjustment

for eye color, but the effects of hours in strong sunlight

were intense for those with light eyes (data not shown).

As shown in Table 4, the place of residence at the

time of diagnosis was closely related to the range of

ambient UV levels summarized over the lifetime be-

cause many participants had spent much of their life-

time within the same state as their residence at

diagnosis or selection. Within each study center, the

cases had spent slightly less time in sunnier places, on

average. None of the center-specific estimated effects

was statistically significant, but all were negative. The

overall estimated RR for a difference of 50 RB units

was 0.76 (CI = 0.50–1.15). Similar risks were estimated

for UV levels during the teens, twenties, thirties, or the

most recent decade.

Diet, along with sunlight, can influence the levels of

vitamin D, so we estimated the association of NHL risk

with the estimated total intake of vitamin D from diet

or supplements and with the consumption of foods rich

in vitamin D, including milk and fish (Table 5). Neither

total vitamin D nor milk intake was associated with

NHL risk. Tuna and other types of oily fish showed an

inverse association. The summary measures from food

alone (data not shown) and supplements were not

associated with risk. We also explored the effects of

total vitamin D in subgroups with lower or higher

hours of sunlight (data not shown). The number of

subjects in various combinations was too small for

stable estimates, but we saw no consistent pattern.

The pattern of relative risks was generally similar in

men and women. We found no consistent variation in

relative risk according to age. Because of the small

numbers of Hispanic and Asian-American cases, the

estimates in these subgroups were statistically instable.

The effects of eye color, hours in sunlight and use of a

sunlamp or a tanning booth, and vitamin D were sim-

ilar for both follicular and diffuse lymphoma. For the

other B-cell types and for T-cell, there were too few

cases for stable histology-specific estimates.

Discussion

These case–control data from the populations of De-

troit, Iowa, Los Angeles, and Seattle suggest that

lymphoma risk is lower in people with lighter pig-

mentation who are more susceptible to sunburn, in

people who spend more time outdoors, and in people

who have lived in localities with more UV radiation.

We know of no previous analytic studies that have

investigated ambient levels of UV radiation, but our

findings agree with patterns of lymphoma mortality in

the US [27]. The data do not suggest an association

between vitamin D intake from food or supplements

and an increased risk of NHL. The observed relation-

ship between time spent outdoors and NHL risk agrees

with findings from Australia and Scandinavia. The

observed relation with eye color is stronger than that

reported in Scandinavia but in the same direction. We

know of no previous data on dietary vitamin D, but

milk consumption has been positively associated

[28–32] and unassociated [33–37] in other reports.

Although the present data and the reports from Aus-

tralia and Scandinavia do not suggest a likely strong

confounder, sunlight behaviors are associated with a

variety of other behaviors, and possible confounding

cannot be dismissed as a potential explanation for the

results observed in this study.

Although these data do not lend support to the

hypothesis that vitamin D reduces lymphoma risk,

neither do they offer compelling evidence against it,

because sunlight often can contribute more than diet to

vitamin D levels. Sunlight is thought to be the principal

Table 4 Lifetime average residential UV level and NHL, by residence at diagnosis

Residential UV level Detroit Iowa Los Angeles Seattle Total

Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls

< 90 RB units 1 0 5 2 6 2
90–99 2 4 0 1 58 53 60 58
100–109 69 64 2 1 2 0 56 43 129 108
110–119 8 3 159 122 3 1 14 20 184 146
120–129 0 1 17 22 5 4 6 8 28 35
130–139 0 1 10 2 13 4 4 4 27 11
140–149 1 2 0 1 20 15 3 3 24 21
150–159 0 1 21 21 1 2 22 24
160+ 67 55 4 2 71 57
RR per 50 units* 0.16 0.34 0.62 0.83 0.76
95% CI 0.01–1.71 0.03–3.9 0.31–1.21 0.48–1.46 0.50–1.15

*Adjusted for age, gender, ethnicity
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source of vitamin D for most of the world [38], al-

though its contribution varies with latitude, season,

outdoor behavior, skin tone, and clothing, among other

factors [39]. Moreover, the key sources of dietary

vitamin D are few, mainly oily or fatty fish, some for-

tified foods such as milk in North America, as well as

supplements [39]. Some studies [40], but not others

[41], suggest that vitamin D dietary intake consistent

with current nutritional recommendations has marginal

effects on serum levels. For example, one study [40]

found similar serum vitamin D measurements in young

Canadian supplement users and non-users in winter.

Thus, it is difficult to make inferences about the role of

vitamin D in explaining observed inverse associations

with sunlight based on null findings with reported

dietary intake of vitamin D.

If the protective association with hours of sunlight

now seen in four geographic areas of the US, as well as

in Australia and Scandinavia, reflects a causal associ-

ation, it is not clear whether one would predict a po-

sitive or a negative association with susceptibility.

Because people more likely to sunburn tend to avoid

strong sunlight, imperfections in the measures of sun-

light exposure could result in a spurious negative

association. On the other hand, light pigment does al-

low more UV penetration of the skin, so relative pro-

tection might be expected at any particular level of

sunlight exposure. On balance, we believe that the two-

fold gradient in risk for dark eyes versus light supports

the idea of a causal association but does not reveal the

mechanism.

Important strengths of the current study include the

collection of information on multiple indices of sun

behaviors and UV exposure and the data on vitamin D

intake. In addition, the variation in latitude among the

four centers provided a wide range of residential UV

exposure. The population-based cancer registries and

population-based control selection avoided problems

that might arise in hospital-based designs if UV affects

other diseases.

The most serious limitation of the present study

was the substantial proportion of non-respondents,

especially among the controls. Since a low participa-

tion rate could be related to lifestyle, perhaps differ-

ently in cases and controls, we examined data for

evidence of bias from non-response. We found that

effects were very similar in subgroups with higher

response rates, Iowa, for example among residences.

Table 5 Estimated RR and 95% CI, according to total vitamin D intake and main food sources

Cases Controls RR* 95% CI

Total vitamin-D quartile (International IU/week)
First (7–147) 109 96 1.00 Ref.
Second (148–351) 121 98 0.99 0.66–1.49
Third (352–534) 122 98 1.10 0.74–1.63
Highest (537–1419) 112 97 1.10 0.72–1.67
(Trend test) (p = 0.55)

Milk (gram/1000 kcal/day)
< 44 111 98 1.00 Ref.
44–116 127 97 1.21 0.82–1.78
117–222 132 97 1.28 0.87–1.89
>222 94 97 1.01 0.67–1.52
(Trend test) (p = 0.86)

All fish (gram/1000 kcal/day)a

< 4.4 130 98 1.00 Ref.
4.4–9.6 130 97 1.03 0.70–1.49
9.7–16.4 106 97 0.89 0.60–1.32
>16.4 98 97 0.87 0.58–1.30
(Trend test) (p = 0.40)

Tuna and other fishb

< 2.2 131 98 1.00 Ref.
2.2–5.9 130 97 1.02 0.70–1.50
6.0–11.2 112 97 0.94 0.63–1.39
>11.2 91 97 0.80 0.53–1.20
(Trend test) (p = 0.26)

*Adjusted for age, gender, ethnicity, center, metabolic-equivalents per week of exercise ( < 30 vs. 30 + MEQ/week), and total energy.
Excludes participants who did not return dietary questionnaire. Quartiles were set based on control distribution
aAll fish: fried fish, shellfish, tuna, and other fish
bOther fish than fried fish, shellfish or tuna. We assumed that non-fried types of fish (e.g. salmon) may be more oily, and have higher
levels of vitamin D, than typically fried fish
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We also compared our relative risk estimates for

other exposures that reflect lifestyle to the literature.

For tobacco [42], alcohol consumption [43], family

history [19], hair dyes, and exercise [21], the relative

risks observed in this study are strikingly similar to

those from studies with different designs or with

higher response rates.

In sum, these data from the US together with the

evidence from Scandinavia and Australia, suggest a

moderate but quite consistent decrease in the risk

associated with more UV radiation. To determine

whether the association reflects a true biologic effect

will require additional research. Although these data

do not implicate vitamin D, that mechanism remains

promising and also warrants additional research. The

link between NHL risk and UV radiation appears to be

quite different from the known immunosuppressive

causes of NHL and offers the possibility of discovering

additional mechanisms of lymphomagenesis.
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